Background: Symptoms of heart failure (HF) are identical in both systolic (SHF) and diastolic hear failure (DHF). The prevalence of atrial fibrillation (AF) in heart failure varies in different studies depending on the criteria of enrollment and the use of echocardiographic parameters in the definition of HF. Aim: To assess the clinical characteristic of patients with DHF complicated by AF and compare with those with SHF in regard of echocardiographic abnormalities and causative agents. Furthermore, evaluate the clinical and biochemical markers for the prediction of AF in HF. Method: Over the duration of 12 months, each patient diagnosed as HF based on admission code was enrolled in the study. Patients were classified into two groups: group 1: DHF, with preserved LVPEF% > 50%, n = 204 (60%), and group 2, with SHF, with LVREF% ≤ 50%, n = 140 (40%). The presence or absence of AF on ECG was recorded. The predictive value of different clinical and biochemical variables for the development of AF was evaluated using logistic multiple regression analysis. Results: Three hundred and forty four eligible patients were admitted to hospital with heart failure out of 7650 who had other medical problems. The prevalence of HF in this population was 4.5%, those with DHF were 2.7% and SHF of 1.8%. The incidence of AF on ECG was 35% in the whole study population and 65% were in sinus rhythm (SR). The occurrence of AF was twice higher in DHF patients of 22% compared with 11% in SHF. Echo pulsed Doppler in DHF and AF compared with those in SR showed a severe restrictive pattern with significantly thick septum wall, higher LV mass index, shorter DT and higher E/e − ratio of 12.4 vs. 9.73, P < 0.05. The predictive risk (odd ratio) of different clinical variables for development of AF in HF was positive for LV hypertrophy on ECG of 2.4, history of hypertension of 1.6, history of DM of 1.4, BMI > 28 of 1.7. Conclusions: The prevalence of HF was 4.5% in the study population, with SHF of 1.8% and DHF of 2.7%. Patients with DHF and AF were older with a higher female ratio with severe restrictive pattern compared with those of SHF. The incidence of AF in the whole study was 35%. The best predictor of AF in HF was left ventricle hypertrophy followed by history of hypertension and DM.
Introduction
The symptoms of heart failure (HF) may be identical whether failure is secondary to systolic dysfunction (SHF) with reduction of left ventricle (LV) systolic function or diastolic heart failure (DHF) with normal LV function. In patients with SHF the left ventricle (LV) is dilated and LV ejection fraction on echocardiogram of ≤50%.
DHF had normal LV cavity dimensions with no valve disease and LVEF > 50%, [1] but abnormal echo indices of left ventricle diastolic filling such as abnormal relaxation and or dispensability (restriction) of the LV [2] . DHF accounts for 30% -50% of patients with heart failure and is an independent predictor of atrial fibrillation in the elderly [3] . Heart failure is a recognized risk factor for atrial fibrillation (AF) as a coexistent complication [4] .
The overall prevalence of new onset of AF in patients hospitalized for HF is in the range of 8% -36% [5] . It has been observed that the incidence of AF is increasing as the severity of HF is increases, 10% -20% of AF occurs in patients with mild to moderate HF and up to 50% in patients with severe disease [6] . Patients with DHF shown to have higher prevalence of AF than those withand hospitalization [8, 9] .
Randomized pathophysiologic studies showed important differences between patients with systolic heart failure (SHF) and diastolic heart failure (DHF) as the two conditions were suggested to be distinct syndromes rather than a continuous spectrum of one disorder [10, 11] . The difference between both type of heart failure in clinical and histopathological levels indicates that they are distinct phenotypes [12, 13] .
Brain natriuretic peptide (BNP), a cardiac neurohormone, had been recognized as a marker of HF usually released by the left ventricle in response to volume expansion and pressure overload [14] . BNP had been shown earlier to be sensitive biomarkers for the detection of a symptomatic LV dysfunction and that they had important diagnostic and prognostic implications in patients with LV dysfunction [15] .
To date, studies on the relationship between HF with DHF and the development of AF in nonwhite population are limited.
In this study we aim to first: to assess the incidence of AF in patients with DHF and compare with those with SHF in regard of clinical characteristics, causative agents and echo abnormalities. Second: to evaluate the clinical and biochemical markers of for the prediction of AF in HF.
Material and Methods
Patients admitted to the Salmaniya hospital with diagnosis of acute heart failure, based on hospital admission code, were included and clinical data was extracted from patient's files. The study duration was of 12 months from 1.1.2010 to 31.12.2010. Salmaniya hospital is the main governmental hospital with a catchment area of 900,000 populations. There were 344 patients that had heart failure based on admission code. The Total number of patients who were admitted with acute medical problems for the same duration was 7650 patients.
Patient's data regarding clinical history and physical findings on examination, biochemical laboratory results were obtained. The results of echocardiography and electrocardiographic data were available for all patients on admission or during hospital stay.
A constitutional ethical committee approval was obtained prior to the data extraction and analysis.
Inclusion Criteria
Subjects were included if they were presented with acute dyspnea and clinical diagnosis of HF by code of admission. The history of dyspnea class was obtained based on New York Heart Association (NYHA) functional classification [16] .
Clinical Assessment
The clinical findings on examination of S3 gallop and bibasal crackle and raised jugular venous pressure, heaptomegaly and ankle edema were all recorded. Patients were labeled as biventricular failure if both left and right HF signs are present clinically.
Clinical demographic data and past medical history of heart failure, history of hypertension and diabetes mellitus (DM) prior to admission, history of smoking and previous documentation of AF were extracted from the patients file.
Twelve leads ECG was evaluated for the presence of voltage criteria of left ventricle hypertrophy using Perugia score [17] .
The presence of Q wave and conduction abnormality with ST segment elevation or depression or T wave changes ware all recorded. Atrial fibrillation was defined as absence of P wave on 12 leads electrocardiogram (ECG), with irregular ventricular rhythm and last for >30 seconds [18] .
Echocardiographic data of M mode, 2 D. Pulsed and tissue doppler were tabulated for the dimension of LV cavity dimensions, wall thickness on M mode and calculated LV mass index, the calculated left ventricle ejection fraction (LVEF%), valve abnormalities and indices of left ventricle diastolic fillings were tabulated [19] .
Patients were subdivided into those with preserved LVPFE% > 50% and reduced LVREF% of ≤50%. Those with LVREF% ≤ 50% patients were grouped based on calculation of EF % using M mode, Teichholz formula as very mild (LVREF% <43% -≥50%), mild (LVREF of <33% -≥43%), moderate (<23% -≥33%) and severe (<22%) [20, 21] .
The diastolic indices and the severity of diastolic dysfunction based on E/A ratio, deceleration time (DT) of E wave and E/e − was assessed in all patient as mild, moderate or severe if the E/A ratio is E/A <1, 1 -2 and ≥2 respectively [22] . Estimated LV mass index on echo of >131 g/m 2 ) for men and >113 g/m 2 for women was defined as cut off points for severe LVH [23] .
Heart failure was documented as a clinical diagnosis in 344 patients. The total number of patients who were admitted to emergency room with acute medical disease was 7650. There were 120 (35%) patients who had AF on 12 leads ECG and 224 (60%) were in sinus rhythm (SR). The study population was subdivided based on LVEF% into group 1, patients with DHF with LVPEF > 50%, n = 204 (60%) and group 2, with SHF and LVREF ≤ 50%, n = 140. hood, history hypertension and alcohol intake were all recoded. The clinical presentation on admission such as fast palpitation, angina pectoris pain, dyspnea, dizziness, and focal neurological deficit were recorded. The NYHA class of I to IV on admission was also recorded.
The height and weight, the presence or absence of goiter, cardiac murmur suggestive of aortic or mitral or pulmonary valve disease was all recorded. The signs of pulmonary edema such as bibasal crackles and gallop, elevated JVP, ankle odema were recorded. The results of available serum level of brain natriuretic peptide (BNP), uric acid, estimated Glomerular Filtration Rate (eGFR) and serum potassium were tabulated.
Statistical Analysis
All data were entered and analyzed using the Statistical Package of Social Sciences (SPSS) version 17.1. Data are presented as mean ± SD. Unpaired student-test was used to analyze the differences between the mean variables of M mode for septal wall thickness, LV cavity and LV mass index in the two groups.
Student's t-test was applied for continuous variables and Chi-square analysis for frequency non-continuous data such as Doppler ratio for pulsed derived indices of E wave to A wave velocity (E/A) ratio, deceleration time (DT) of E wave and pulsed to tissue derived Doppler ratio of E wave velocity (E/e − ). Multiple logistic regression analysis was used to calculate the odds ratio for different clinical and biochemical variables for the development of AF in the study group. Clinical variables are the history of hypertension, DM, smoking, body mass index, LV hypertrophy on ECG and the biochemical variables are serum level of uric acid, potassium level, BNP and eGFR.
All reported P-values are two tailed and P-value was regarded as significant at level of <0.05.
Results
Three hundred and forty four patients with clinical diagnosis of heart failure were enrolled and divided into two groups based on LVEF% on echo: group 1, diastolic heart failure with preserved systolic LV-PEF, n = 204 (60%) and group 2, with SHF and reduced systolic function LV-REF, ≤50%, n = 140 (40%).
Patients with DHF were older than SHF, mean age of 64.4 ± 12 and 55.9 ± 15 respectively. In the whole study there were 195 females and 150 males. Sixty five percent of patients were female gender DHF patients and there were 52% in those with SHF. Table 1 shows the clinical characteristic of patients in both groups.
Patients with DHF compared with SHF had signifycantly a higher number of patients with history of hypertension of 34% vs. 8, DM of 25% vs. 14%, history of smoking of 23% vs. 17% and BMI > 28 of 14% vs. 10% and history of hyperlipidemia of 104 (30%) vs. 42 (12%). Those with history of myocardial ischemia were of no significant difference in both groups.
ECG
The total number of patients who had atrial fibrillation on admission were 120 (35%) and 223 (65%) were in sinus rhythm. In the whole study out of those who had AF (35%), the new onset AF with no previous history of AF was detected in 72 (21%) patients and 48 (14%) patients had history of chronic AF.
Patients with left ventricle hypertrophy based on ECG criteria were 160 (46%). Among those with LVH there were 89 (26%) patients with AF and 71 (21%) were in sinus rhythm. The overall sensitivity and specificity of Table 1 . Demographic data of all patients who were admitted with heart failure (n = 344).
Character
Total N = 344 
LV-PEF (DHF) N = 204 (60%)

LV-REF (SHF)
ECG for detection of LVH compared with BMI derived by echo as gold standard 75% and 60% respectively.
Clinical Findings
All patients had heart failure on admission, 154 (45%) patients had left ventricle failure manifested with pulmonary odema and 120 (35%) had both left ventricular and right ventricular failure (biventricular). There were 20 patients in NYHA functional class IV, 114 were in class III, 210 patients were in functional class II and none was in class I. History of medication on prior to admission showed 270 (78%) patients were taking angiotensin receptor antagonist (ACE) tablet, 198 (57%) were on diuretics, 125 (36%) on beta blocker, and 58 (17%) were on digoxin medication.
Heart
Failure and Patient's Age Figure 1 show patients age distribution for both groups.
In the age category of 20 -35 years, patients with DHF had the ratio of 1.9 higher than SHF, for category of (35 -50) the ratio was 1.6, for age category of (50 -65) years it was 2, and in age category of >65 years the ratio was nearly equal of 0.96 for both types of HF.
Echocardiographic and Biochemical Variables
There were 204 (60%) patients who had DHF and 140 (40%) were with SHF. In SHF and AF on ECG compared with S R, M mode Echo showed no significant difference in wall thickness but of LV septal and posterior wall but LV cavity showed significant dilation of LV cavity in both systole and diastole. Pulse and Tissue Doppler showed significantly higher E/A ratio, shorter DT and higher E/e − . The LV mass index was lower but the difference was of no significant.
Biochemical Markers
In DHF Blood chemistry in patients with AF showed significantly higher level of uric acid, BNP and lower potassium level, however difference between eGFR was of no significance. In SHF patients and AF compared with those of SR, there significantly higher level of uric acid, higher eGFR and BNP but difference of potassium level was not significant.
Segmental wall motion abnormality was detected in DHF and AF in 32 (9%) patients versus 14 (4%) in those with SR. In SHF and AF those with segmental wall motion abnormality were detected in 4 (12%) patients versus 24 (7%) in those with SR. Figure 2 shows the distribution of patients with AF and SR in both groups. In DHF the ratio between those with AF to SR was 0.51 and in SHF it was 0.6.
Medication prior to admission showed 270 (78%) patients using angiotensin receptor antagonist (ACE) tablet, 198 (57%) were on diuretics, 125 (36%) on Beta blocker, and 58 (17%) were on digoxin tablet.
Etiological Diagnosis
The etiology in DHF, n = 204, showed 74 (36%) patients in hypertensive emergency with systolic BP > 180 mmHg complicated with pulmonary edema. Seventy (34%) patients had ischemic heart disease, among them 39 had acute myocardial infarction and 31 had unstable angina. Ten (5%) patients had thyrotoxicosis, 10 (5%) had history suggestive of Dilated Myopathy, 10 patients had valve disease (5%), seven had severe mitral regurgitation and three with moderate to severe aortic regurgitation. There were thirty (15%) patients with no definite etiological diagnosis.
In SHF, n = 140. There were 45 (32%) patients with dilated cardiomyopathy, nine (9%) had hypertension heart failure, 30 (21%) had ischemic heart disease), 27 (19%) had significant valve disease with 16 of mitral valve regurgitation and 11 had severe aortic regurgitation, 13 (9%) patients had thyroid disease and 15 (10%) were of unknown etiology. Table 3 shows the hazard r tio of different variables in a Abbreviations: diastolic heart failure (DHF); systolic heart failure (SHF); interventricular septum (IVS); posterior wall (PW); end systolic dimension (ESD); end diastolic dimension (EDD); deceleration time (DT); estimated glomerular filtration rate (eGFR); atrial fibrillation (AF); sinus rhythm (SR) (ratio of E velocity to tissue doppler velocity of septum (E/e − ). Table 3 . The hazard ratio for the development for AF in patients presented with heart failure using logistic multiple regression analysis in patients presented with heart failure, n = 344. the study for the developing of AF in patients with HF. After adjusting for age and sex multiple regression analysis showed positive predictive value for: history of hypertension of 1.6, history of DM of 1.4, for BMI > 28 Biomarker positive predictors were hyperuricemia > 420 mmol/l of 2.5, higher BNP > 500 pg/ml of 3.8, and low estimated glomerular filtration rate (eGFR) < 5 of 2.1, hypokalemia of < 3.4 mmol/l of 1.4. Smoking was of negative predictive value.
The Odds Ratio for Risk of AF in HF Patients
Discussion
In this study patients with heart failure were evaluated with echocardiogram for segregation of those with systolic heart failure with reduced EF < 50% from those Copyright © 2012 SciRes. IJCM
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Diastolic Heart Failure with and without Atrial Fibrillation 666 who had DHF with LVEF > 50% and both were evaluated regarding the development of AF on ECG.
Patients with DHF compared with SHF had high female distribution and were older. This finding is similar to previous report, where 50% -70% of patients above the age of 70 had diastolic heart failure and 49% had systolic heart failure [9] .
In this hospital based study with total of 7650 patients, the overall prevalence of heart failure over one year was 4.4%. This was higher than other studies with prevalence of 4.1% and 4.2 respectively [24, 25] .
The prevalence in of SHF was 1.8% and for DHF it was 2.3%, which differ from one study by Mureddu GF et al., where the prevalence was 1.8% and 4.9% respectively with no difference by gender in patients with DHF [26] .
The rate of occurrence of AF patients with HF in the study was of 35% which was higher than previous reports of 31% and 25% respectively [4, 27] . The rate of occurrence of AF in both subgroups was nearly equal of 38% for SHF and of 37% in DHF.
In different clinical trials, the use of different diagnostic criteria and different age groups leads to variation of prevalence of HF. In one study by J. Grewal, et al., the prevalence of HF was 1.9% [28] and another study by S. J. Phillips et al., [29] the prevalence of HF was of 1.7%. In both studies the prevalence was lower than this study although the prevalence was increasing as the patient's age increased.
Sixty eight percent of patients with DHF and AF were in severe diastolic dysfunction of restrictive pattern while 23% had mild dysfunction of abnormal relaxation pattern. This finding was in agreement with previous reports where severe diastolic dysfunction was associated with worse outcome including AF and mortality [30, 31] .
In previous studies women were less likely than men to have SHF accounting to 25% -35% of systolic heart failure cases [32] . In one report men have double the risk of developing blood-pumping (systolic) problems compared with women [33] . In this study percentage of female gender was higher in both DHF and SHF than male.
The age distribution for both groups showed increment in the rate of HF in old age patient, the percentage of DHF was two folds higher compared with SHF in young age patients but was equal in patients of >65 years. Patients of >65 years in SHF were twice higher than those of 50 -65 years. In one study the estimated prevalence of diastolic dysfunction among patients with HF was 15, 33, and 50 percent at ages less than 50, 50 -70, and >70 years, respectively [34] .
In one trial, a higher incidence of DHF occur in old age <65 years mainly due to ischemia and hypertension [35] .
The level of BNP was significantly lower in those with DHF compared with SHF. This finding had been shown previously, where BNP was significantly high in SHF with no identifiable threshold to distinguish between the two forms of HF [28] . In one report higher level of BNP > 100 pg/ml was an independent predictor of adverse cardiovascular outcome in patients with DHF [36] .
There was a significantly lower serum level of potassium in AF patients in patients with DHF but not in SHF. Previous studies showed AF is positively associated with hypokalemia [37] .
In this study a higher rate of segmental wall motion abnormality on echo was detected in patients with AF both groups of HF.
The causative agents in DHF was mainly hypertension, followed by coronary artery disease while in SHF it was dilated myopathy followed valvular heart disease. In one reports by Topol et al., hypertension and ischemia were the main etiology of DHF [38] .
In this study the best clinical predictors for development of AF in heart failure was the history of hypertension, followed by DM and obesity.
In patients with a SHF and dilated LV the heart failure, tachycardia-mediated cardiomyopathy was the presumed the causative agent in 29% of patients with HF however in this subset of patients improvement of function was seen with rhythm or rate control [39, 40] .
Limitation of the Study
The echocardiographic findings were observed on admission and were not repeated after improvement of patient's clinical condition as tachycardia mediated HF cannot be ruled out as an etiological diagnosis on admission.
